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(54) PRODUCTION OF SIUCON-BASED COMPOUND AND SIUCON-BASED POLYMER 

(57)Abstract 

PROBLEM TO BE SOLVED: To simply produce a 
silicon-based compound and a silicon-based polymer 
comprising industrially useful silylacetylenes in high yield 
by reacting a specific silyl compound with an ethynyl 
compound in the presence of a metallic hydride 
compound catalyst. 

SOLUTION: A silyl compound represented by formula I 
[(m) is a positive integer of <3; R is a 1-30C alkyl, 
alkenyl, alkynyl, a (substituted)phenyl or a (substituted) 
naphthyl] (e.g. phenylsilane) is reacted with an ethynyl 
compound represented by formula II [R1 is H, a 1-30C 
alkyl, alkenyl, alkynyl, a (substituted)phenyl or a 
(substituted)naphthyl] (e.g. phenylacetylene) in the 
presence of a metallic hydride (e.g. LiAIH4) to afford the 
objective silicon-based compound composed of 
industrially useful silylacetylenes represented by formula 
III [(i) is a positive integer not larger than (m)]. 
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[PUB] *-f*»tt^teJ:tf*<f*fc#y^-©W 
CW^?-©] ^ 'J Mt&fot 7 -te ^ U K) <fe 

(R'-C5C^-a-H m . i (i) 

T 
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i-TSHKSCd) t^ffc 1 ) 

ub 1 ] 

(R^C=c)rSi-H m ^ (1) 

f>3 0<D7^^ T^^-^S, 7 
£©!I$ftX£^A/C<,>-C«> <U>» ia#l$fcfct:2~C#>£ 

mm*£tc\m$m 1^30 ®r r**- 

t> a ittm«T©iE©m'rfts. ) r^sns^y^ 30 

[ iS^B 2 ] SEt? 0 °c«±r & & l E 
«; ;Wb£«tf Jctfx^MfcAWWBl^ ESSfi 

ffigM T A *T & C i *««<t r *»3WH l f?d3iS<7» 'J * 
r -fe * u >f b^rtto JBft^tt. 
[fSSDS 3 ] SiH,4R' C-CH (ft*, R 1 » 

) fH$n^x^^jnt^^ (2-^h* 

is**)],) x~?Jl4;J:Cf/Sfcttl. 2-t:* (2~ 
^F^xh^) x^>*»«KiL/T^JS*iSlb®lO 
^TS*S*«Ci«»Ar*HteC (2) Mb 
2) 

Ub2] 

(Ri-CScJrSiHH^) 

(St*, R a i*7K5SM^^«^^1^6 3 0<DT^ 50 
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r;v^^;i/-S> tjv^^jv^ yji^jim^i- 
yy^nftzo^m&cM. ^ny>n^ *is$ 

[MWW4] R 2 -SiH,-R 3 CK*. R'&tfR 3 
U£L><Ctfcft(C. 4c«tJH-7-«fti«K3Rtt 1 3 007 
/t^bS. TAr*~Mt* T^*^US, 

p^y/Wb^<fcHtti* (3) ({b3) 
Ut3] 

HCEC^R^CSCH (3) 

(St*. R 4 UmM^Ll^^3 0<DT)^U>m. 7* 

MCcj:D^3ai^^3 0cor;^u>& r-fl^xu 
cti^©S«^ay>M^ tKKS, 7^S, KfrX 

*CA*4*«4«HHSS (4) «b4) 
[fb4] 

^C=C-{R 4 )-C=C-Si (4) 

R 3 

^!Sl^^>3 0CDT^^S, T^^J^S. 7^*- 

r 4 «^«i^^>3 ocdt^u>S. r^-v> 
o^/c«4y,ToiE<D^s-c*^o > r^sn^^Dii 

[000 1 ] 
[0002] 



3 

S^^'J bttt, J. F. Harrod^ 

W&ZhMWit-? Zttk (HuaQin Liu and John F. Harr 
od, Canadian Journal of Chemistry. Vol. 68, 1100-1 

105 ci990)) , &mi&him&Lit&mtt.&mmim 
mstz&m-srziim (matfwpts -345825, 

W 4 -2405 93) ^*fl6nt l^o l>a>U 3. 

?t Fvy?>'mmtlsXL i A 1 H,ftTOcJ:i3S 

i H 4 ix? ~Mb&BSfr hl/ x ) AsT & * U 

0Tl>£ 0BHPP3 — 18 I. 488) #*<&JR*«** 

[0 0 0 3 ] 

ftHKi'T* C <b £ <fc 9 v y ;Wb^<b xfxjUt^BJ: 

n 2/ ;H fr6« <t ^ * M t^* J: 0 * -/ 3SR l> ^ 
-^s^Ccf#6n^e:i^rMl^cbfcc SiH« 

1>T ( 2 ^ h * >^ *M ?MI>* fctt 1 . 2 

i k: j: o > ? ; ^ r -fe ^ u >s© jR^#ft±T £ c t £ ja 

[0 004] 

h. (SWk wU3MT<oiE<Dm$k-e&*). RttfiSRBt 

•C^SnS^t^Wt^BiR^C^CH RM* 

^^$fc«j^iii^6 3 0cDr^^». r;u^ 

^fcK£S*3C4*»«iT* itt ( 1 > Mfc 
5) 

[0 00 5] 
[ft 5] 

R*.m 

(R^CSC^Si-H^, (1) 
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m»3WT^IEOSI^r*U, RBSBIWfcl* 
6 3 OOT^^S, T^.-^S. TJM^-JWk 7 

i^R»s^^iBaor*>^-%oTc^r^j:^ 0 rm** 

£R 4 _ B -S i H. m^3fe(T^iF.(D^TA 
0. R»KSR»1*6 3 0©T^*^** T^--* 

s C H < R 1 1*^30 

x ^ ~;wt^<B»jajy r i -r ^ c <t 

^C(l) mtt3£lT<Z>iE€)a»r*0. R«^ 

R l 13^^ 3 o©r^*wi. 

40 [0007] *te. WWBSiHiiR^CHCH 

=r-^x, t^^^s. t^*-jW6» y^r^vm^-r 

l, (2-^f^^xh^) x^>*jfflSi 

(2) «L6) 
50 [0 008] 
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7*;i/gfe£©3*#»jffi-c*9> «a^R^. 
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[0 0 10] 
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[0 0 1 1 1 
Ub8] 

f 

— C=c4R*Vc=C-Si (4) 

» 'n I 
R a 

mtkxiphz o©TA'+jHi. r-^-^s* ta^- 
RH«£»$:i*>e>3 o©r;i>+u>S> rjv^-v> 

»t^!&i *>?>3 o©r^+i^>S. TJi/*—i'>3£. 7 

gtt^ny>JBW-. 7 5/1. *JMf+f* 

0$fctt4WT©iE©S8rt , *S. ) t?^StiStt»)jg 
o*ffi**tf r * * u >«S^*W-r 2. *■ 'J ^ - 
©Mii^-c*^. 
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-i H 2 



-^(R'-CSCjpSi-H^ 
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■CUStiiJ^K* R...-S iH.T*Sti*f y*fll 
a Ft 1 - c s c h t?a 8 ft 2. * * - Mt£W fc&Bf 
^^b«5©#&T-cK*^StS3ttSC<ttcJ:0. -* 
* ( 1 ) 'j;V7'lr? 

SIH, + i R 1 — C=CH 
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[0 0 15] 
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40 [0 0 1 6] £tc. (7) «bll) 

[0017] 
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R'-SIHj-R 3 + HCSC-(R 4 ) S C=CH 



-2H,, ' 
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-CSC-^CSC-fl— 
R 9 
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t»3h4«fc. R'-SiH,-R'T«8h5tF SO VMt&tot-m* ( 3 ) tSSnSyx? 



«5£ (4) raisnaiioa^ttt^T^^u^** 

[0 0 18] (5K SJ^ (6) . STBS: 

( 7 ) v^i,ft&&it^twm£ i< r i*s»** 
tfrjM^s. r-;^s, riU3*v«. s/r-/»ft£ 

WiLTt*. LiH. NaH, K H ft E<0 1 ©UHMtuS 

H s , A 1 H.ft*© 1 3»ll6M^*^fc^a*^^ 

NaBH. KBH 4 . Mg <BH«> Ca (B 
H«> „ Ba (BH 4 ) S r (BH«) 4 , Zn (BH 
,) 1% A I (BH,)„ L i A 1 H«. NaAIH,, 
(CH 3 ) 4 NBH 4 , (n-CH^.NBH^W 

/c{b^B5iUrtJ:, LiBH (C,H») ,» L i BH 
(s~C 4 H,) KBH (CHs) N a BH (OC 
H 3 ) „ N a BH (OC 6 H 5 ) N a BH (OCOC 
) a , N a BH, C N, ( i -C, H,> , A 1 H, (i 
C 4 H S ) 2 A 1 IK L i A 1 tii (OC a H,) ^ Li 
A 1 H (OCtHs) 3 * Li A1H (OC (CHJ s ) 
3 , LiAlH (OC (CH 3 ) 3 ) 3 . NaAlH, (O 
CH,CH,CH3)^ NaAlH, (CH,)*, SnH 
(n C 4 IU) 3 . SnH (C.H,) 

[0019] R4-.-S i lUtaSW^'iMt^flSi 
R 1 - C s CHT?*3ftax*r^Wfc#»*^*3Rft 

(1) raSn*^U^T"fe^U>ft^S«f*W3fi^4* 

z>>, b yy <^*i/)\/fyZs, trx;i/^ 
i7>. 7y;I/^7>, x^x;l>^i7> % 2 -ytit^-^ 

(3 ,3 ,3 - h y ^AsJ-u^ntfJU) ^^>, 4 
t/V;i/h;i/x>. 4 -^y^^i/V, 4 

*/xF^>7>, b 'JX h*i/2^>ftifWPtf 
[0 02 0] *1L. TO^R l -C = CH-C^$ii^x 
tr>, 1 1 tr— ;i/T-fe^u>. 

4-x*x^b;i/x>. 4- x^xji,T--y 
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[0021] *jwwc»€>n*H»* ( 1 ) -c^sns 

h y7*^;u^y^r*fe^w>. ^^>y;i/7 
•te*u>. tfx;i, (x^xno 5/*>, ry;v (x?x 
10 jv) s?x?-x;p*^>, z-^ptrx;i/ (x^ 

*^>, -ovr-fji, (x^xju) ->v>, by? 
fr*xxA*fr (x*x;P) ->^>, (3 ,3 ,3- b y V 
;t,*n:/afcM1/) (x*.-jW 4- (x?x;l/ 

->y JU) h;vx>, 4- (x^x;i/2yy;l/) 
4- (x*x;l/*>y.il/) -a. a, a-M)7;M'Oh 
j* h^-^y^T-fe^UV. ^h + ^>y^V 

t^yji/r^ux ^xh^'jmfux by 
xh^^^y;ur-b^v>, ^^;i/^y;v~ l -^atr 
20 x ^^'j;^i-^pt> h yy^;i/vy;i/ 
-l-^atx x^yjv-i-^nt:^ ^x^ 
;^>y;i/ - 1 •■ypf> k b yxf-frfV*'- 1 

7*:'.;^»;^-l-^b , X ^7^x;l/^y 

X ^*!/^V^-l-^Ot>» y^V'J^-l 

- ^r* > , y ^ 1 - >^ ^ y ^ 

yji / -i-^> % x^^>y;u- 1 -rf*y. v>*-* 

frlsVJl- 1 - b yx^;V3>y;l/~ 1 

>?y^;i/^ y^- 1 b y ^^Ji/^>y ju- 1 

-^s^-» v .x^;p^y;i/™ 1 ^x^;v-> 
y^l/- 1 -^*rZ/>. b »jx^>'j;b- 1 
X 7.x^>'j;i/- 1 ^7x^«j;i/ 
- 1 b y :7xxjt,fyjw- 1 — 

>, byy?-;i/^yji/-2-^>- l--/>. 
40 is y ji/- 2 - ^> - 1 - ^x^;i/^ y ju- 2 ~ 

-^> % ^^^;u->y^- 2-^f*>- 1 ->f>, t>v 
x^>'JJP-2-^f>-l b 'j7x^> 

y ;u 2 r/"r> ~ 1 *f -x^^;u-> y ;u ■■ 2 ^ 

1 y^^^y;v- 1 .3 

^^^;v^>y;u- 1 ,3-^^^^>. by^^y 
jv- 1 ,3 x^u^y^- 1 ,3-^^^ 
t?x^ji/vy ji/ - i ,3 - -?%i>4 b y x^ 

;l/^y;^- 1 ,3 -zf9t?-0* y * fris *) )\> - 1 ,3 
50 ^7*^'J ^- 1 ,3 -^iM 
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1 ,3 jt*fr*s*)to (7xX 

;u) r-fe^u>, trx y ^;i/i/^ 

(7xXjl,x^x;l,) y ^;l/->^>, i^^A 
(7xx;t>) Ti2^U>. tT^ (^^^i^^ 
;b) ^y*\>t/f bVjtf-fri'VJU (7 xxjI/) T 

(^xx^x^xa) x^u^>, by (7i--^ 

^x;W) x*;i/5/^>, ^x^l/^y^ (7*— AO T 

•fe=fu>, trx (7x^x^^-ii') s>x=f a^>^>, 10 
htjxW^"J;i/ (7xx AO T-fe^u>, ^xXJl/*/ 
yA (y*~jl) T-fe^U>, (?*xA>x*x 

;U) 7x^7>, b U (7.xX^.-Jl/) 7xX 

a>s/9>* s^xxA/fyA/ (?*x;io r*fe^u>, 

(?xxji,) T-fe^i^>. -M-^Av-yA 
(7xxA) 7^2fUX t?* (^xXAo^xAO - 
^>;l/->^>, by 

>. fcTxA (^xAx^xA) Zs-jls. T'JA x 
x;vx*x;i/) 5x<3>>, ^xiMfxjl/ (x^xA) 20 
5xv>, 2 --^afxA (7*-- ax*-xa) >/v>, 
•^>!/>f;t/ (^xxax^xa) ->v>, b 

(7xXAx?-xA) (3 ,3 ,3 - b x ) 

7;i/^nyat , jl/) (7x^x^)1/) 4~ 
(7x^x^^>^v) bAx>, 4- (7xx;u 

X*xAi/yA/) **U>. 4 (7x^x?^k> 
y A) — , a, a- h 'J^Jl/aJ-n b;l/X>, ^ h^-V 

^;a (7x.^i/) r b^-u>. b+s^y a (-7 

*xA) r-fe^U>. h MhW);l/ (7*xA) 

*/*/y A (VxxA) T^^^>s ^A>";Ax*x 
;i/t/^n-^^>v ^ ^AS^y ax^xa^p^* 

xA->y Ax^xA^n^tf > 4 ^7^^'J^ 
x^x Af 2 a^^if b 'J7 x^-^'JiPxf^l/ 
s/^n^+^v, ^+t^i/^y Ax^xA^^P^+tf 

1^ 4- O^l/t/y AX^XA) bAX>, 4 - 

y*A*/yAx*xA) bAx>, 4- (by^-A^ 

yAx^xA) bAx>, 4~ (7i^'J^i 4( 
A) bAx>, 4- ($/7x-;l/e/';;kxf-Vl/) bA 
x>, 4- (H)7*-^ 1 J^^) bAx> v 
4 - (y ^A^yAx^xA) Txy>, 4- 
a^ax^xa) r-y>* 4 (hy^-w;^ 

x^-xA) Tx«J >. 4- (^x^^'J^^r.^) 

xA) >>^> % fcT* (4-75/7x^if-W ^ 
7x^>-;X 4 •- (^7x-^>'J/^^-^) T 

y >. 4 - < b y v * x a^ y ax ^x a) t - y 

>. 3- (y^A/S"; Ax^xA) yxy>. 3- 5 
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y*AS/yAx**xA) /xy>. 3- (h'J^^ 
yAx7-xA) Txy>. 3™ (7x^>'J^.- 
A) r-y>. ^ (3»75/7x^l/X^W 
(7x:'Jl/)i/7>, 3- (^7*^>y^^ 
A) y~y> 4 tf* (3-7 5/ , 7.t^l/X^;H ^ 
7*xAS^>, 3- (by?*~At/yA<x*xA) 

r-y>tt^w»tf^n*. 
[oo22] jEieiaiBjR»*«*ft'r*»», eikss 

.o ^m^, mtmhh<\mm^m^^^> 

& ^ y A4b£$3<t R 1 - C = C HrSlS ft£x^x Afb 

[0 0 2 3] JR»©R4-.-S i H.r»S*l6S/y>Mfc 
20 ^«»iR l --CsCHrasn4x?F^;Wb^Wa>f±ii 

^xMt^BJl 0 0mmo(C>ttl/ I mmo I *>6 I O 0 
0 0 mm o 1 r**. jMBKr**^**^^**!*^ 

R 1 - C s C H x ^x A^illMk 1 
OOmmo lCC^lO, 0 0 0 I mm o 1 frh 2 0 0 m 
mo 1 ~C&£«, 

[0 0 2 43 i H.T?«3n*2/yjHfc 

/t« r 1 - esc h"-c*s x ^ x Mt^a^ 

jBTta. JRR<0^yjWb^»*J<fctfx^x;Wt^»3W 

SftS^ttiWfilt^y^A. iKWKTA=f>iCc^0^ffi 
tt^mStici^3!U^ vy;Wfcd1fc*&tt 
x ^ b^o^^^stcaaswT©®^ ifwstt* 

x©IEAft£«:j:»)Sl£IE** l-250kgr/cm 2 
GecttlBEL, K^»**HII»au^Kr*C&^» 

Mtittt. h;i/x>; ^>i/ 

40 >v x^;l/*<>-tf>, pe«/?-v>cDJ:5&5?*KSR<t 

7^V- *>:7xx;l,x-7 ;k f^7tKa77 
> v tr^ (2 h+^x^Jb) x-f* 

9ttx-^;l/»»«^. ^^aciy^>, ^nay^l/A 
OJ:^^ay>», N-^^Jl/tftay F>, ^ 

SteM** OR 1 -CsCH "C^5 n€> x ^x;Mb^«5 1 
50 niiiio XicttLXO. l^40w\M1£Ll\ £Tc 



[0 0 2 5] Ej£HKfcJ:0 — 2 0 0 # C, <fc^S?*U<« 
2 0-1 5 0m&. EfcJEfcttffBE. *E©t^ 

jS^*Jfll»TJWE (0-2 5 0 Kg/cm' • G) 

oow«i3wawc*&. 

[0026] SIcSRCCfiltfttfflSrllfiS 

^SWl^HF, HCL H B r v HI, H, S 
0 4v HNOj, H,CO (l H,P0 4 , HC10 l4 H 
jSk H.SO,. H,S,0 J tt*«Wi»*fcttHCOO 
H. CH.COOH, C,H 5 COOH. Btt&£©*« 
ffi(a0pHO-pH5 ©BttttMtr *4 C i*«JfiF* u 
l\ *0*ttttKl mmo lCcSEfUO. 4m 1-40 0 

{ bMW«*w«© R 1 - c » c ht?* & ft & x * x* 

jfc^lmmo HC^lO. 1 m 1 - 4 0 m 1 

h+J/x#M i-f JMJiff/tfcttl. 2-ex 

jSS**cfc«:J:tK -** (2) t»Sft*f»-JJi'T 

1 - C sC Ht*Sn^3i^^Wt4*i I ttt. f«J 
JUT -fe * U X b^<WB»*C* & ^ *x 

[0 02 8] ■#$m~c&J8&& — *W ( 2 ) -c^Sft* 
y >P7 * u >£B £ i> t: ti, AfWjficu^ y jkthz * 

U> % ^x^^-;ue>^>, i^>j;i/-l--/nf> ( 

ex ( i - ^a^JW i i 

X ex ( 1 -y*x;l/) 5^>. J- y < 1 

;U) u?>. 1 -^y;l/- 1 -^+^>, ex ( l 

=H2xju) >>7>, h r ; ( l — *4H8xho ->^>, e 

x;1,x^xjUV5>, 1 -ZsVfr -1 ,3- ^^^ 
v *xj|/x^xjl^^>, ex (?*~-;I/x^x 
;W) hy (7:ex;wx*x;V) 

4 - i/yjl>X^x,jH*JUX>, fcTX (4 - 
>f^Ux7-.";l>) 4-S/l>A*^T- y 

>. ex (4-7i/7.t.-;l/j:^jl/) 3- 
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^y;l/X*xj|/7~y ex (3-7$^^^- 
*XJI0 i/7>^(!:Wf^S B 
[0029] Stt3W«BE©BaeS». »»*flaftT 

&JR*3Mbtt. ^tcW^tX(2- ^^x 
^U) x-^MW:tf/*fett 1 . 2 - ex (2 -y h 
.t>>ih^-» x#>S:f±i£if,> Cft6<D«^<£>f±& 

BB6©®WlWk. *HIftDS i H,*J:V**^ 

cc*o, Kjr«^^*^©vy;VTH5^u>»*ffl^? 
•r -5 . suras tit hxexb £ fct** ? at 

[0 03 0] S iH4«*©****^*tt*W*«!* 

*»JKt*©x*xjMb6* 1 0 0 mm o 1 CC»U 0 . 0 
00 1mm o 1^62 0 Ommo l-C£>£o ?§J®(Dex 
(Z-^Ft^W x~^;M8j:tf/Sfcttl. 2 
(2-^h't^l"t» x*>©JKMBH<Dx 
?xjHb£ftlmmo lfcfcfLTO. l-20ml#*f 

fctii, 2 -ex (2-^ h*s/xh*s/) x*>cc* 

ex (2 ^ F^x^ju) x— 2 e 
30 x (2--* h*fxh**» x^>«WJtt*ffi*Sb/c 

[0 0 3 1 ] KJJSaS«0-2 0 0U <fc^»^U<« 
2 0-1 5 0ra^j« JSaaE*fB1^250kff/c 
m 2 • G-C£>&„ SlSB*IB«KC6aiS. )*BKffiffl«tt^ 

[0 032] «.RBK<3!>flS5Stt, Ka««:Wfc»l*liS 

40 fc*>**>fcC*rt*HF, HC K HBr, II K H, S 
O,, HNO a . H 2 CO,. H.PO,, HCIO,, H 

H, CH,COOH % C,H,COOH. 
BMC J: 9 p H 0 - p H 5 ©MttttfflTC** C tifitft U 
/k©SWfi4JKlmmo lCC*tb0, 4m 1^-4 0 0 

•te'>, f^x>, ^vu>&^o^««56Rfb**ift» 
«I^R 1 - csCHr*S*l*x*xjWb£«l 1 m 
m ol«cjfl/0. lmlM0mltetfe<Ci^ 
50 f l/^- 



(8) 
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14 



[0 03 3] R 2 "S i H^R'-C^jn^bF 

uly^)Mk&mt—mA (3) t«3wyj.?*--Mt 

JttA (4) tSRSh*«IOiBL/#e*dtfT-fe^U>« 

x^;t/f^>. ^x^;l/^^>. 7*^i/7 
7')^», x^—^^X l-y'j;V-2~ 10 
1 -^«;^-3 ,3 ,3- h »J-;;KP"/P^ 4 
^jl/h;l/X> v A-fOfr- a, <*, a-M;?^* 

So 

[0 034 ] *jWB-c«sffl-r*-*B« (3 ) -c3?2n£ 

m -s/x=r^;i/^>^>, p - s/x^x;i/-^> fe*>, o 20 
"i/X^--jl/-<>-fef>, 3 ,5 -^'.^^ hJl/J-X 
2 ,7 - $;xf^^t7^l/X 5,10 -'✓X^r.Jl/T 
4,4 , -^^^x-;K tfX (4 
-x^^Vx^iU) 2,2-bT^ (p-x5T- 

rji^x-AO 2,2-^x (p -x=f^ * 



^;U) XJU7*>. 2.6 -5Px^r.iUtf 2,5 

[0035] 
[ftl 2] 

HCSC-^^NHCO-^^CSCH (8) 

, it*m (9) (<tl 3) 
[0036] 
Ut 1 3 ] 

o o 



. (10) (4b I. 4 ) 

[0 03 7] 
[<bl 4] 

C=CH (10) 




HC= 




. <b^ (ii) «b l 5 ) 

[0 03 8] 
[<bl5] 



CSCH (11) 



. ^^(12) (ffcl 6) * [fbl6] 

[003 9] * 

CF 3 



C=CH (12) 



[0040] *mi-c®t>ti2>T** u>4*-&4wr-s 

$-<MJUS# './•?-«. mf*WtCW^*)^l/*(4*Mb^5!J — SI-C=C-C=C— (14) 

(13) Mtl7) 40 

[004 1 ] - < t; ^ ( 1 5) Mtl 9) 

Hfcl7j [0043] 



H [{bl9] 



— SI-C=C-C=C— (1-1) 
H 



CH 3 

— 3I-C=C— C=C — (15) 
H 



. {t%& (14) (ft! 8) 

[0042 ] . 5") U>if-;-l/>-l,3-7 ,.iU>.lf--l/> 

[ftl 8 ) (fb^ (18)) Ub2 0) 

[0 044] 
SO Nb2 0] 



(9) 



-Si-C=C 




15 

C=C- 



(16) 



H 



C=C — 



(17) 



(ft«(18)) (fb2 2) 

[0 046] 
[{fc2 2] 

C==C— 



CH 3 / 
H X = / 



(18) 



^ y^;k>U U>x?-r.U> • 1,4 - -7 

iU^X^i!/^ <fc^(19) Ub23) 
[00471 
[<b2 3] 



rv CeH n 

— Si-CE=C 
H 




c=c— 



(19) 



ffc^ (2 0) «b2 4) 
[0 048] 
[<b24] 

CSC— 



-£c=c-f5 

H 



, {b3*£ (2 1) «b2 5) 
[0049] 
Hb25] 

(CH2) 2 CF 3 

— Si-C=C 
H 



(20) 



(21) 
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[0050] 
[{b2 6] 



> (ft** (1 7) ) (It2 1) 
[0045] 

Cib2 1 ] 10 



c=c — 



CH=CH2 
— Si-C=C 



. (2 3) Ub2 7) 

[005 1] 
[ft2 7] 

CHg'CH^CH^ 

SI — CSC 

H 

. (24) «t2 8> 

[0 052] 
[<b2 8] 

CHa 



(22) 



c=c — 



c=c — 



20 



-8HC=C 
H 



. ^t^S (2 5) «b2 9) 
[0 05 3] 
[<b2 9] 

CH=CHa 



CSC— 



30 



— Si-C=C 



t ft^I(26) «b30) 
[0054] 
[{b3 0] 



CSC— 



40 



C=CH / 



. {t'4*S (2 7) «t3 1 > 
[0055] 
[(t3 1 ] 

C=C- 
CHg-C=CH / 

. it^A (2 8) ((t3 2) 
[0056] 
[{t3 2] 



(23) 



(24) 



(25) 



(26) 



(27) 



(t#5£(2 2) Ut2 6) 



50 



(10) 
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sm 3 



— Si-c=c 



17 



CSC— 



(28) 



. it^A (29) (<b33) 
[0 0571 
Ut33) 



9 



— S1-C=C— f 




c=c — 



(29) 



> it^A (3 0) (Yt3 4) 
[0 0 5 8 ] 
[{b3 4] 



Si-C=C— 

OH 



c=c— 



(30) 



, {b1*£ (3 1) «b3 5) 
[005 9] 
[ffc3 5] 



9 



= c _^_0-Q-C=C— (31) 



— s-c=c 

. it^, (3 2) «b3 6) 
[0060] 
[(b3 6] 



_Si-C=C-Q~CH 8 -Q- 

. it*m (33) ((b3 7) 
[006 1 1 
[(t3 7] 

9 



csc- 



(32) 



— Si— c=c- 



?"3 

_Q_i_Q_ CEC - (33) 
CH 3 



, (b^ (3 4) ((b3 8) 
[0062] 
[(b3 8) 



18 



. (b^; (3 5) at3 9> 

[0063] 
[<b3 9] 



CSC — 



(34) 



10 



—Si — c=c 
H 



. (3 6) (it AO) 

[0 064] 

[(b4 0 3 



-0-GH sc - (35) 



9 




20 



— SI-CSC 
H 



[0065] 
Hfc4 1 ] 



c=c— 



(36) 



Si-C=C— f\~ C=C— 



(37) 



. <b3*£ (3 8) Mt4 2> 
[0066] 
30 Hb4 2] 



40 



— shc=c— O— esc 

H S 

. <b3*£ (3 9) Mfc4 3) 
[0067] 
Ub4 3] 

CH3 

— Si-C=C-CH s -C=C- 
H 

, iV&Z (4 0) Mfc4 4) 
[0068] 
[fc.4 4] 



(38) 



(39) 



(40) 



50 



k fl#«<4 1> 
[0069) 
Hfc4 5] 



— Si-C=C 




13 



c=c- 



CH 3 



(41) 



, Ib^S; (4 2) Mb4 6) 
[0 07 01 



c=c— 



(42) 



fc it^R (43) (Yb47) 
[0 07 1 ] 
[fb4 7] 

n- CeHu 
— Si-C=C 




CSC — 



(43) 



CH 3 



. (44) «b48) 

[007 2] 
Hb4 8] 



10 



20 
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-^ cs0 t> NHC0 "O" 

. iV&Z (45) «W9) 
[0073] 
Ht4 9] 

f 



C=C— (44) 



. <fc#SC (4 6) «t5 0) 
[0074 ] 
[ft5 0] 



9 



(46) 



. (b^SC (4 7) ats 1 ) 
[0075] 
Ut5 1 ] 



, {b^S (4 8) «b5 2) 
[0 07 6] 



-Si-C=C 
H 



X [ft5 2] 




CF 9 



CF< 




c=c- 

(40) 



[007 7] SJ»KfcWKI4*«lft-i"a«^. 50£3Sffi 

cim^ SBrtKawkDR*- s i H a - iv -em 

Sft^fc Fa5/«JiMt*»iiHBW (3) -c«sn*^ 



[0 07 8] JHttOR 1 - S i H a ~R s T>^£ft£t: F 

DS/y^fc«*t-«s (a) m^w^x^^nt 

x*~;Mb-£^ L 0 0 mm o I &c#fb 1 Ommo I rt>6 
1 0 0 Oinmo 1 ~C*>*. ««r*S«i«**ftW*# 

& e MttttMltt^x Jl4t£4fe 1 0 0 mm o 1 fcjtt 
L/0. 000 Iniino l3^^200mino I'CftS. 



02) 

21 

[0 07 9] JWBKOR^S i H, -R 3 V&$ti%> t F 
n^yjWfc£tt*fcWHte« (3) tS^n^J^'-- 

ss. ■NK-^u-fJA* j«flflErju=f>ttir©ttir<D^ffl 
a v ^ftr^=f>tt£©^F^*^"CB»r*c&* 

3ft&?S5£^ ^^f^^-^Jk n-^Jl/x-^Jk 

i>tf=Hf>. b*X I- 4^ X 3Mb) x— 

)V X 1. (2-^ F-t^f^) x£><Di: 

5ftx-^WR;ffl8K*>, ^P^^X ^nu^A 
©<fc 5 N-y*A/fcfayF>. ^ 

a«lHI*©^x^^^Wt*«» 1 mm o 1 fcl#t LT 0 . 1 

[0 08 0] Sl£SK«0-2 00*a J:9#*b<tt 
2 0-15 0*CTC**. RJCBE*»*«BE. ttlBEOl^ti 

M£ (0 — 25 0 k s/cm a • G) HJttfr^C&W 

20 owmawwc**. 

[00 8 i] ^dewofmu. sra«fc«fe«sffl*«s 

*tt<Di^-rnr 

fctf>**>«Clr>#HF. HC1. HBr. HI, H, S 
0«. HN0 3 . H a CCV H 3 PCV HCIO,, H 
,S k H.SO,. H,SiO,ft£OjWi«*fcttHCOO 
H, CHjCOOH* CJisCOOIL 
MCC <fc 0 P H0-pH5 CDHttt»C*4 C ttm$ 1/ 
l> 0 7|c<D®«&fe®l mmo lfc»L0. 4ml— 40 0 

JSOTfO-t^v h^x>, U > & £<D3$^j£&£% 
4bWR^*«^HBW (3) -C«3hSi>x*xji, 
{bMlmmo lfcifcfLO. lml-40mlWtfc 

[ o o 8 2 ] # »j ^-*«rffi»(ii , r ss^tcttfflT* & 

^fZis* 

^ - iMt dfcDisaftR r ib r w 6 n * . 

^SttJ^O^x^.-jMb^BJ 1 mm o 1 &c*f UX 



ttlSW 1 0- 1 20689 
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0. ]-v200ml. AOH*K»]-50mlt* 
[0083] 

[9GMM1 fiTF. *JW*SWlWatyJt^fcJ:orJB 
Wf 4. 
^BSfeW 1 

10 0ml ©^7X«^©rtSBCc«g0B#^Ka 

(CJBB^©7.xXjl/5x*>>5. 7g (53mmol) , 7 
10 x^;^T-fe^U>5. 4 g (5 3mm o I ) v &M<DV 
7s (2 - M F* ^x*/U) x-^;l/l OmK MWtOL 
i A 1 H, 0 . 103g ( 2 . 7 mm o t ) 3:f±&#. 
1 2 0W2 0 KIBBL SifiSKG 

•C7xxjl/X^x;l/ (1R*4 2%) 

fcitftf* <?xx^x*xA0 (?*x;l/) 

>5 3%, 7*x/U7Hz*W>5 6%r*^fc, t<D*S 

20 ><b^»^»jfi-c*4ci*wsnfc. 

[0 0 84] $mW2 

KjSSBk: 7 0ml ©WBEffiB«a»*«l^ ^(DftilCD 
[0 0 8 5] HJfc«3 

fM**WW2 <bp|-ccL/-cJSt6^tfo/co **** i K 
[0 08 6] 

30 Jgj£ia&£8 0*C£U *<Dffe<D^&^W3 <tl5-- 
tcbTJKJ£*^T'^ft:«> 
[0 08 7] ^KW15 

MSKil/tNaAlH, 0. 136g (2. 5 mmo 
[0 08 8] ^«W(6 

fcHS^U-CL i BH 4 0. 0 68 g (3. Ommo 

i ) , *©fl6a>*frtt*lifli iisi-ccursjc^if-o 
/to is*** 1 cc*r . 

40 [0089] tUHM 1 

7 0ml ©HE^f >l/^8»K 1 1 • 64 

« (2 Ommo 1 ) , fHKO^ F^fc FP^7>5m 
1 , MjKOL i A 1 H« 0. 0 3 8 g (1 mm o 1 ) *5 
£Vmn<DS i H 4 ^3 0 kg /cm* G (8 0mm 
ol)«BEAb. 1 2 0'C"C2 0H5W«#*fr-?/c. 
Sl£tft. *SKS i H 4 ^*b, K«GCtM 

U/c. ^.6Si1«lib-C 1 -^'/;V- 1 -1^»4. 8m 

mo 1 (IK^2 4%> . tTX ( L -^v-xjV) 5/^> 
1. 4-mmol (iR*7%) 3^»6*l/c. 

so [o 090] 



23 



«*fc. GC-c»«rLteis». Miiti 

l—^-»6. 2mmo 1 (JR^3 1%) , fcf* ( 1 
-- %*5/:=.A0 V^>2. 2m mo 1 (4ft 1 1%) # 
»6 tifc. !»6FJ7 ttmm 1 <3M6»©tt:« <fc 5 *3W§ 

[0 09 1 ] Slife0fl8 

7 0ml <DHBE^^>U^«Srt(C7^^^>5. 
8g (53mmol) , m-^x^K>-fe'>6. 7 10 
S (5 3mmo 1 ) > ig«S<i: Utf h 7 fc FP^^>1 
0ml, WiiUrLiAlH, 0. 1 00*r (2. 6 
mm o 1 ) U 12 0W2 0 R$MI»#*fTo 

%r*ofc. ®cBSltcBi7kh^x>2 0m l *Jjn2.> 
1 ttS«ffi*S*K2 0 m I *&C#gft<* i* tc 0 WIS*H£ 
1 «£tttt*i8«5 m 1 TiSHML 1**5 m 1 rJor* 

ffi©pH#G*ctt£STi^L;te. CaSO t (CJ:9Itt 

l>8. 4ff<0*W-*»/t (JR*6 7%) . GPC 

£16 0 0(£f£#&#iRLNMR, I RaiJ£*t?ofc„ 
HI, H2, Hafctfy*-© 1 ?!, 13 C, 19 Si N 



(13) #B8¥1 0- 1 2068 9 

24 

* [0 092] n^-WR(ppm,aX1 3 ) 3.1CCSC-H), 4.7(S 
iJiJ % 5.1(SiH), 7.3—7.9(Fh-H) 8 
13 C~IW*(ppm p CDCI 3 ) 78.K-C-CH). 82.4(~C-CH). 8 
6.5(Si~C-C), 107.2CSi~C-C-), 122.7(PhX 128.3- 
135.9(Ph). 

"SI-MHRCppm.axnj) -59.8C-S1H2-Ph), -63.5(>SiH-P 
h), ^9.4(>Si<)o 

IRCcm- 1 ) 433. 476, 492, 602, 696. 736, 

796, 844, 948, 1114, 1166, 1264, 1429. 1474, 159 
X 2155, 3067, 3290, 

[0 09 3] NMR, IRX^^F^^CO^yv- 
tmW¥b - 3 4 5 8 2 5 omi&W 1 -0*jSl/fc# x ) ~? 

[0 094] H»J9 

tc a ms&m 2 toTs-r. 

[0 09 5 ] 1 0 

Sliv^il/T 1 0 0ml©Art7^S{SS^fflCi. 

fc 0 3te*^2 5C^T 0 
[0 09 6 ] 



m 


(nunoQ 


am 




&A 




PESI 1) 


BPES1* 


(%) 


i 


L1AIH4 

2.7 






53 


56 


42 


9 


2 


2 


UADI4 
2.7 


diglyma 


120«C 


38 


66 


28 


4 


7 


3 


UAfflU 
2.6 


THF 


120<C 


54 


81 


18 


1 


15 


4 


UAIH4 
2.6 


THF 


80°C 


31 


38 


20 


2 


5 


5 


NaAIHL, 
2.5 


dlgtyme 


120X 


44 


45 


31 


5 


1 


6 


LIBH4 
3.0 


diglytrid 


120X 


44 


67 


18 


0.5 


11 



1>PESI : VxCM^x^V, 2)BPS1 : t^(7i^*lf^X7i^77 



[0097] 



1*2) 



CM) 
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mm 


(mmol) 






Etc 


wry 






8 


UA1H 4 
2.6 


THF 


120°C 


76 


92 


2602 


67 


9 


UAIH4 
2.6 


digjyina 




45 


70 


1147 


47 


1 0 


UAIH4 
2.0 


tfgtyme 


120°C 


51 


52 


682 


46 
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2) X-r y ^X^S^^bXRPc> 



[0 09 8] 

;M b^Jj t x =r- r- 5 > U T -fe u X t 

jS««chrx (2 h^x^nO x-^jt^fctSl . 
ft48SCC <* 0 y JUT * U >® troK^CStfi"*" ^C<b 



20 



* [HBB(DttWi:H«] 

[B 1 ] 3S*W 8 r^JS$3 "J ^-O 1 H - NMR 

[02] £6K0f8 ^H^tifc^ >; v~<D* s C - NMR 

[H3] HW8t^n^'J7^ s S i — N M 

[04] SatW8r#*3hfc#«J^--©I h 



[HI] 
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m2) 



Ml 



r i i i — i — i — | — i — i — i — i — | — i — » — r— i — fiiii — | — 
130 120 110 100 90 



i — i — r — i — | — r- 
$0 140 



eo 



IH3] 



-9/ -» -39 -10 



(16) 
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MSI* 



